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g) Ttie rnwnSan providafi a triaiyl phofipiiate »*ilc»i b 
mciuDed by contacting phenol wifil «n laopropylaitng agent to 
produc!» an isbpropytpitBd p!iBnel))avlng S to 66(Mi by wa^ht of 
bapropyl moletiBa t3«9ed on fha weight of phanol rnoiaiy. 
mbdhg the Isopropylated phortol VMtth a paia^kyt phenol 
whareln Ihe Bik^ group Is t-butyi or a Cs to Cie alkyl groupT Ih a 
refio 6y wetghl of 10:1 to 1 :10. and pbosphotyiating the mbctura 
of phenols. The product Is •oseltl ae a flarne retardani additive 
for polymere. 
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Descrlptton 



Triaiyl PhosphatsG 



Tha piiQ&ent Invention relates to novel triaryl 
phoephates theb* production and their usa as flanne 
ralardant addrtives for polymers. 

St)^€& cmcking is a phenomenon which can occur 
tn injection moulded polymers containing triaryl 
phosphates as flame relardants. One type of 
polymer suffenng from this problem Is the polyphe- 
nylonQ oxide type« especially blends of polyphe- 
n^ene oxide wrlh high Impact polystyrene such as 
those £0ld under the Trade Nams Noryi, 

under certain moulding conditions ft Is possible 
for th6 flame retardant or components of It as triaryl 
phosphates ara usualty complex mbctureB, to vola- 
liRse and then condense on the Injodion mould to 
give a liquid fUm. Thte termed 'juicing*. A build-up 
of this liquid fifan can lead to stress cracking 
occurring at points on tha moulding where there ts 
particular^ high etrees concentration. 

We have now produced a triar^ phosphata which 
raducas or avan sirmlnatee the oocurrenoe of atress 
cracking. 

Accordingly tt^e prasant Invention provldee a 
trlciryl i^io^hate which ts produced by contacting 
phenol with bj\ teopropytetdng agent to produce an 
teopropylsied phenol having 5 to eSMi by weight of 
isopropyl moisties based on tha weight of phenol 
moiety, mixing tho feopnopylated phenol with a 
pare-eDq^ phemU where&i the tikyt group Is t-buty! 
or a Cs to C12 aU^I group, in a ratio by weight of 10:1 
to 1 :10p and phosphoiylatlng the mtKtuna of phenols. 

The isopropylated phenol be produced fn 
conventional Ftiedel Ciafla manner uathg a suftaUe 
isopropylaling agent euch as propylene. The reao- 
tion may be carded out at an elevated teniperatura 
e.g. about 140^C in the presence of a Frledel Crofts 
catalyst or acid earth catalyst l=or a fuller descriptfon 
of the alkyiation, eee GB 1146173. 

Tha para-al)^ phenol may be, e,g. para-t-butyl 
phenol, por^t-amy^ phenol, para-nonyl phenol or 
para-dodecyl phenot. t3ut Is preferably para-t-butyt 
phenol. 

The feopropylated phenol is then mixeci vwth 
para-alkyi phenol In a ratio by vireight of 10:1 to 1 riO, 
praferabty 5:1 to 1.-5, and the mbcture m phosphy- 
lated. The phenols are reacted with a phosphotylat- 
ing agent such as phoaphorua o)cych!odde or 
phosphorus pentf^hloride. The raactfon may be 
carrfed out using a catalyst such aa aKimlnlum 
cWoride or nagnesium chloride or In the presence of 
a base, euch ae pyridine. The reaction is preferably 
carrfed out at a temperatura from 15^ to 250** but 
prsfarably from 100° to i2S°. 

The resulting product is a coinpfex mixture of 
phofiphatea whteh does not lead to Juicing in 
injeofion moulding. 

The phosphates (rf the present Invention are 
suftat^ tlame retardant additives tor vaitous poiy^ 
merd. Examples of the polymers which may be made 
flame refandant by addition of ecmpOUhds of tha 
invention are: 

polystyrene, polyethylene, polyprqpytene. polyvinyl 



acetate, polyphanylene oxide or a t^nd thsreot with 
polystyrene, especially hlgh_ Impact polystyrene, 
5 acrylonltrile/butadlene/styrene copofymea, cellu- 
bse, polyestes. polycarbonates, ruMdere, phenol 
formaldehyde resins, epoxy resinSi polyester resins, 
andno formaldehyde resins, poiyarr^dee or copoly- 
mers and poly blends of the aforementioned poly- 
10 mers and re&ins. Examples of poly blends are 
polystyFene/po)y-2,6-djmethyi-1,4-phenylane oxide, 
especially high Impact polystyrene/poly 2,6-di" 
m8thyI-1,4-ph8nylenB oxide, and poiycarboriate/ 
ABS. 

75 The amounts of triaryl phosphate per hufKired 
parte of polymer that may he employed are fipom 1 to 
100 pafts» preferably 2 to 35 parte and moat 
preferably 5 to 16 parts by weight. The amounts of 
phosphate used will vary depending on the actual 

20 polymere. the degree of flame retardancy required 
and the type of other Ingredients which may be 
present 

The pbofiphatea of the present invention may be 
ueed In conjunction other fiame retardants. In 
25 particuiar they may bo usad together with at least 
one metal or metalloid salt of a phosphonic add of 
tha general formula I 

« ^ OH 

^ OR« 

in which R Is a straight or brarxihed chain aOcyl group 
ha^ng 1 to S cart»n atoms Optionally substituted by 
ona or more halogen atoms or hydroxy! groups; and 
4t} R' Is H or an elkyi group having 1 to 3 carbon atoms 
and wherein the metal or metaCoid is selected from 
Groups IIA. IIB, flIA. IVA and VA of the •Periodic" 
Chart of Bemente (Rsher Sdentlfle Company c 

196B). 

4ff These phosphonic acid salts are described In 
European Patent AppDcaHon No. 0245207. 
- Tha phoephates may be used with tha pho^plmilc 
actd $afts and aiso a mono- or poiy-<:arbaxyUc acid 
or a metal or metalkwd salt tfierBof. the metal or 

SO metalloid bekig selected ftxim Groupe 1. IIA. IIB, illA. 
IVA and VA of the Periodic Chart of Bements 
(above). 

If a monocarboxyBc acid, OTaatt, le used, the acid 
contain from 4 to 30 C atoms and may be a linear 
eff or branched alkyi, araO^ or aiyj oarboo^ add. 
QcamplBe of suoh adds are tiutanoic, hexanoto, 
2>ethylhexBnolP» oetanolc dacanole. dodecanc^, 
etearb, phenylacetic benzoic and naphthoic adds. 
Examples of polycarhox}^ add ipdude auodi^, 
$0 maleic. adipte, pimellc. saback:. phthaSc adds, dtrfc 
acid, pyromelOtic add and poiycarboxyBc acids 
prepared by polymerisation of one or more uneohi- 
rated mono- or di- carfooxySc acids such as acryQo, 
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mothacr^ic. maleic or itflconlo add or optionally by 
copolymerlsation of one or more of these unsatu- 
rated carboxylic adds with an olefin such as 
ethylene, propylene, vinyl acetate or styrene. 

Examples of these poJycarboxyllc ^c!ds include 
polyacrylic acid, polymaleic add. popolymerfi of 
ethylene and sayic add, copolymers o1 maleic acid 
and fityrcne, and copolymers of maleic acid with vinyl 
ac&tate and/or ethyl acrylate. 

Where the carboxylic acids are used In the form of 
their metal or metalloid salts, suftable cations 
Indude lithium, magnesfum, calcium, t>ajium. zinc, 
boron, aluminium, tin or antimony. 

VVhen a metal or metalloid salt of a polycardoxyfc 
acid is used, the carboxylic acid groups may be fully 
or only partially neutmllsed i.e. some free COOH 
groMpa niay be present along with the COO' groups. 

The amount of phosphate, phosphonlc acid salt 
and/or cart)oxylic acid salt used may vary over a 
wide ra-nge depending on tb© balance of properties 
required In the polymer-flame retardancy. impact 
strength, processing conditions etc. The amounts 
needed can be easily deternilnad by simpla experi- 
mBHt. 

The compositions of the Invention may also 
contain other conventional Ingracfiants« such as heat 
stabilisers, llQht stabiTisers, ultra-^olel light absor- 
bers, antl^dants» anll-static agents, preaervailvea, 
adhesion promoters, fillers, prgrnents, lubricants, 
blowing agents, fungicides, processing ^ds and 
smoKe suppressants 

The mventlon Is Illustrated by tha follovinng 
ExajTipte, In WWch the leopropylated phanol is 
prepared by reaclino phenol with propylene et about 
-t40''C Brittle prasanoe of an add earth catalyst. 

Bainple 1 . 

55S.8 parts of p-t-butyl phenol (3.692 moias, 
M,W. = 150),48S.2 parts of an isopropylated phenol 
mixm* (3.77fi moles, M.W, — 131^) and 0.77 parts 
of aluminium chloride are chained to a reactor fitted 
with a stirrer, contact tftermometer. dropping funnel 
and reflux condensor- To this mixture which te 
heated to 105*C, Is added S73.3 parts of phosphorus 
oxychionde (2-43 moles, M.W. = 153.5) at a uniform 
rat© over a period of two and half hours. During this 
addition tfie teihperature Is raided 'from 105° to 
115' C. The phosphorus oxychloride I& added below 
the surface of the phendic mixture. 

Hydrogen chlorWe gas evolved during the reao- 
tlon Is atjsorbad in water and the resultant hydro- 
chloric add solution Is titrated With sodium hydrox- 
ide solution. At ttie and of the phosphorus ox^ 
chloride addition tfie temperatuns Is raised to 20Crc 
during two and quarter hours and there held at 
SOO^C for orw hour to complete the reaction. 

The last traces of hydrogen ohlorida gas are 
famoved under reduoed pressure to yield 1149.9 
parts of cfude phosphate. 

The phosphate is distilled under reduced pressure 
to yelld: 

63,7 parts of recovered alkylated ptienc^ 
b.p. 110*-226"C at 2,1 mbar 
1071 ^ parts of a complex phosphate aster b.p- ZSe* 
27a«C at 2J3 mbar 



11.6 parts of resiude. 

The complex phosphate ester had the following 
physical properties 

tf Viscosity at 40*0 193 

Neutralisation number 0.09 
(mg KOHg-"') 

S.G. at 20/20*C 1.097 

R,U at 1.5367 

Colour (hazen) 75 



IS Example 2 

A |:^Dfiphate Is prepared according to the proce^ 

dure described in Example 1 except that 266.6 parts 

of p-t-butyl phenol (1,911 moles, M.W. « 150) and 

413<4 parts Of an Tsopropylated phenol mbcture 
20 (3.146 moles, M.W. = 131.4) are phosphorylated 

with 243.3 parts of phosphorus oxychloride (1585 

molee. M.W. « 1S3^), 
The 766.8 parts of crude phosphate prepared are 

distilled under reduced pressure to ylald: 
^ gnR parts of reeovered alkylated phenols 

b,p. 9B*-254-C ait 2.0 mbar 

679.3 parts of a complex phosphate ester 

b,p. 254*' -282^0 at 2.3 mbar 

15.2 parts of residue. 

ao 

Example 3 

A phosphate ie prepared according to the proce- 
dure described In Example 1 exceptttiat 583 parts of 
p-t-butyl phenol (3.BB7 nnoles. M.W. -160) and 117 
35 parts of an isopropylated phenol mbcture (0.89 
molee, M,W. «» 131 >4) are phosphorylaled with 242.1 
parts of phosphorus oxychloride (1-577 moles, 
M.W. = 153.5), 
The 764.7 parts of crude phosphate prepared are, 
40 dlstaied under reduced pressure to yield: 

' IIjD parts of recovered alkylated phenols 
b^i. 91'*-27e"C at 2.1 mbar 
711.0 parts of a complex phosphate ester 
b.p. 276^-285'C at 2-0 mbar 
4f5 9.3 parts of residue. 

A phosphate te prepared according to the pro€»- 

dure described in Example 1 except that 1 17 parts of 
so p-l-butyl phenol (0.78 moles, M.W. - 150) and 683 

parts of an t50F<>pytated phenol m'orture (4^437 

moles, M.W. - 131.4) are ^^ospbytetad with 245j9 
' parte of phosphorus oxychloride (1.602 moles, 

M.W. - 153J5). 
SS TTiC 70$ A parts of crude phosphate prepared are 

distilled under reduced pressure to yield: 

91^ parts of recovered aRcyl&ted phenolB 

b.p. 94'-23B'*C at 2-0 mbar 

646.3 parts of a complex phosphate ester 

b.p, 236*-269^C at 1.9 mbar 

20^} pans or residue. 

Example 5 

~ 354.8 parts of p-t-twityl phenol (2.36 moles. 
55 MJW. — 150) and 0.51 parts of elumbilum chloride 
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taborBtoiy test method. An in]6ct!or» moulded bar of 
polyphenylene oxldo/hi^h impact polyaiyrene alloy, 
sold under the Trade Name Noryt is deKberately 
stressed by bending In a jig, and a t!lm of the 
5 phosphate is painted on the point of highest stress. 
The jig gives a maximum stress ot HVt). The time 
taicen to the sppearanca of the first cracK and the 
time to breaking Is recorded. The results are as 
follows:- 

ID The phofiphecte of Example 1 showed no cracks 
after 96 hours: the phosphate of Btampla 6 showed 
the first cracl< after 25 houre and had not broken 
after 33 hours; and the phoephate of E^cample 7 did 
not oraek for over 28 hours. 

IS 

Claims 

1. A triaryl ptiosphate wWch is produced tsy 
SO contacting i^nol with an Isopropytating agent 

to produce an isopropylaled phenol having 5 to 
65mb by weight Of isopropyl moieties based on 
the weight of phenol mora^. mbdng the isopro- 
pylated phenol with a peoTa-alkyI phenol, wherein 
the ftlkyi group id t-bulyl or a Cs to Cia &Jky] 
group in a ratio by wefght of 10:1 to 1;10. and 
phosphoryfating the mixture of phenols. 

2. A triaryl pho^hata as claimed In claim 1 1n 
which the ratio of feopropylatBd phenol to 

SO para^lQrti:^noll8frDm5:lto1:5. 

3. A triaryl phosphata as dafmed in claim 1, Ih 
whtoh the para-allcyl phenol Is p-t-butyl phenol, 
p-t-amyl phenol or p-noriy) phenol. 

4. A compositfon comprising a pofymer and» 
ss as fiame retardarrt additive 1 to 100 parts per 

hundred parts of potymer of a tHatyl phosphate 
35 daimad in claim 1, 

5. A compoeltlon as claimed in dalm 4 Ih 
whi^ the amount of phosphate te 2 to 36 parts 

40 per hundred parts of polymer. 

6. A compo^on as claimed b claFn 5 In 
wtuch the amount of phosphate is 6 to 16 part$ 
per hundred parts of polynier. 

7. A composition as ctelmed in claim 4 hi 
45 which the polymer Is a poiyphenyfane oxide or a 

biend thereof with high imf^ct polystyrene. 

8. A compo&mon as clahied en clahn A in 
which the pofymer Is a polycarbonate/ABS 
b\end. 

SO 9. A composition as claTined In claim 4 which 

also contains at least one metaJ or metaSoid ealt 
ot a phosphor^ acid of the general fbrmuta 1 




are charged to a reactor fitted v/ith a stin^r. contact 
thermometer, dropping funnel and reflux condensor. 
To this mixture which is heated to 105^*0. is added 
121.0 pans ot phosphorus oxychioride (0.^ moles, 
M.W. = 153.6) at a uniform rate over a period of one 
and querter hours. During this add rtion the tempera- 
ture Is raided from 105** to 110°C, The phosphorus 
OXychloride is ftdded below the surface to the 
p-t-bUtiH phenol At tt^ end of the addition the 
reaction temperature Is lowered to BZ^C and 345.2 
parts of an Isopropylated phenol mbtturB {Z66 
mofes, MW. - 129,7) are charsed to the reactor. 

lo this nUxture which is heated to 110°C, is added 
125.3 parts of phosphorus oxychlorid© (0.62 moles, 
M.W. — 1S3^ at a uniform rate over one hour. 
During this addition the temperature is raie^d from 
110* to 11 6* C. The phosphorus axychlortdo Is 
edded below the surfaoe of the reaction maaa. 

Hydrogen chloride gas avolvad during the reac- 
tfcn is absorbed in water and the resultant hydr^ 
chloric aoM solution is tttrated with sodium fq^drox- 
Eda solution. At the end o^ the addhion of all the 
phosphorus oxychlorlde the temperature Is raised to 
200^0 during two and quarter houre and then held at 
20Q*C for ona hour to complete the reaction. 

The last traces of hydrogen .Chloride gas are 
remor/sd under reduced pressure to ^eld 763.1 
parts of crude phos^tfiate. 

The phosphate Is distilled under reduced press- 
ure TO yield: 

41.9 parts of recovered alkylate phenols 
b.p. 92*-244*^C at 2.0 mbar 
688.2 pens of a complex phosphate ester 
b.p. 244''-285^C at ZO mbar 
11.9 pans or rB$Jdue. 

Example 6 

181.9 parts of p-^-amyJ phenol (1.17 moles. 
M.W. = 164), 177.4 parts of an feopropylated phenol 
mixture (1.35 motes, M.W. 131>l) and 0^ parte 
magnesium chlodde are charged to a reactor f tted 
v/Tih a stinBr, contact thermometer, dropping funnel 
and reflux condenser. To this mixture, which Is 
heated to 140''C. is added 124^ parts of phospho- 
rus oxychlorida (0.81 moles, M.W. ^ 153^ at a 
urdform rata over a pertod of two hours. During the 
eddrtion the ternp e iact u re is raised to 150^C. The 
reaction mass is heated to 200^C progressively over 
2.75 hours and le heated for afurthar hour at ^OO'^C. 
The mixture is degassed using a water pump 
vacuum (about 40 mbar) at 200''C untD the chlarfna 
content is about OJXify^, 

The pho^^hate is distlllBd using an ofl pump 
vacuum at 2^68 mbar producing a main tractfon of 
mvced phosptiates trailing at 260** C. 

Example 7 

EtempJe 6 cs repeated using 257.4 parts p-nonyt 
phenol 11,17 moles. M.W.«220) In place of the 
p-l-amyi phenol and using 0.37 parts ma£|nesium 
chlork^e. The product Is recovered in the same way. 

Exanryie 8 

The ctress cracking properties of the phosphate 
of Examptes 1 . 6 and 7 are assessed by the folJowmg & 



in v^'ch R is a straight or branched chain alKyl 
group having 1 to 3 carbon atoms optionally 
substituted t7y one or more iialogen atoms or 
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hydroicyl groups; and R' is H or alky] group 
having 1 to 3 carbon atoms and wherein the 
metat or matalloid l8 selected trom Groups liA. 
||B> IlIA, !VA and VA of the •Periodic*' Chart of 
Elements (PfiherSbtentlfic Company c 1968). 
10. A composition as claimed In ctahn 4 which 



1716 8 

sl^ contsins a mono- or poiy-carboxylic acid or 
a metal or metalteld salt thereof, the metal or 
mGtallo'id being selected from Groups I, IIA. IIB, 
IIIA. IVA and VA Of the Periodic Chart of 
5 Elemanta (above). 
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@ The loveritton provides a trlajyl phosphet© which 
i8 produced by contacting phenol with an 
isopropylating agent to froduc© an isopropylated 
phenol having 5 to 85% by weight of isopropyl 
moletied based on the weight of pheno) moiety» 
mbong the feopropylated phenol wHh a para-alkyi 
phenol, wherein the alkyl group le Mxityl or a Cs to 
Ci2 alkyl group. In a ratio by weight of 10:1 to 1:10, 
and phosphorylating the mlwine of phenote- "Rio 
product is useful as a flame retardant additWe for 
polymers. 
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